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Gene therapy for rheumatoid
arthritis : a review

Rheumatoid arthritis (RA) is a severe
systemic  autoimmune disease in
which chronic synovial inflammation
results in destruction of the joints.
There is no truly effective treat-
ment for RA. Bessis etal. review
the current status of a genme ther-
apy approach for the treatment of the
discase. Potential strategies include
down-regulating mediators of inflam-
mation or articular destruction (such
as TNF-e¢ or IL-1) and up-regulating
anti-inflammatory cytokines (such as
IL-4 and IL-10). The authors also
review the gene delivery systems that
have been used and they consider
local versus systemic, and in vivo ver-
sus ex-vivo strategies. Ex vivo gene
transfer has been investigated using
synovial cells, fibroblasts, T cells, den-
dritic cells, and various xenogeneic
cells. Clinical trials have started with
retroviruses (ex vivo) expressing the
IL-1 receptor antagonist and have
demonstrated the feasibility of the
strategy. The best target molecuies
remain to be determined and exten-
sive pre-clinical studies will need to
be performed. (p. 5813

Cell surface protease
targeting of a cytotoxic
GALV Env?

Kirkham et al. investigated the pos-
sibility of targeting the cytotoxic
activity of a hyperfusogenic Gib-
bon Ape Leukaemia virus (GALV)
envelope  glycoprotein  therapeutic
gene whilst simultaneously enhanc-
ing its immune stimulatory proper-
ties via local, matrix-metalloprotease
(MMP)-mediated release of human
GM-CSF. Hyperfusogenic GALV enve-
lopes, whose expression is known to
be highly cytotoxic, were fused at
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the N-terminus to ‘blocking’
via MMF-sensitive linkers

trol linkers (non-cleavable
Xa protease-cleavable links
their cytotoxicity was asse
MMP positive and negative
Unlike protease targeting in
text of rewroviral vectors,

activation of the cytotoxicity
envelope by cleavage of :
blocking ligand did not app:
specifically mediated by cel
MMPs. Thus, it appears th
ficity of cell-cell fusion med
GALV envelope cannot be

lated in the same fashion as
fusion. {p. 592)

Optimizing retroviral
transduction of murine

Gene transfer using retrovit
duction offers the advan
long-term transgene express
developing strategies that -
dritic cells (DC) for imm
apy. The goal of this st
to define optimal condition
transduction of murine bho
row (BM)-derived DCs, Fres:
report here that protamine
and IL-4 allow to increase IX
ral transduction, whereas p
induced DC apoptosis. DC
ated in GM-CSF plus IL-4 p
however a more mature ph
These findings have potent
cations in experimental gene
(p. 601)

Retina gene therapy in
Vi cats

Ho et al. successfully used a;
associated virus (3AV) to 1
retinal manifestations of the
mal storage disease, muce
charidosis VI (MPS VI), i
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Abstract

Background Duchenne muscular dystrophy (DME) is a faral genetic
disorder caused by dystrophin gene mutations thar preciude synthesis of
a functional protein. One potential wrearmen: of the disorder has udilised
antisense oligoribonudeotides (AOs) 1 induce removal of discase-associated
exons during pre-mBNA processing. Induced in-frame mRNA transcripis
encode a shorter but functional dystrophin. We have investigated and
improved the design of AQs capable of removing exon 23, and rhus the
disease-causing nonsense mutacion, from mBNA in the nudx mouse mode]
of DMI3,

Methods H-2K"-65A58 mdx cultures were trassfecied with complexes of
Lipofectin and AQs. Exon skipping was detected by RT-PCR and subsequent
protein production was demonstrated by Western blotting. AOs were delivered
at a range of doses in order to compare relative efficiencics.

Results We describe effective and reproducible exon 23 skipping with
several AOs, including one as small as 17 nucleotides. Furthermore, the
location of a sensitive exen 23 target site has been refined, whilst minimuam
effective doses have been estimated in vitro. These doses are signiticantly
lower than previously reported and were associated with the synthesis of
dystraphin protein in vitro.

Conclusions These results demonstrate the increasing feasibility of an AD-
based therapy for treatment of IXMD. By refining AO design we have been able
o reduce the size and the offective dose of the AOs and have dramazically
improved the efficiency of the technique. Copyright € 2002 Jobn Wiley &
Sans, Lid.

Keywords antisense oligonucleotides; dystrophin; exon skipping; Duchenne
muscular dystrophy

Introduction

Duchenne muscular dystrophy (DMD) is a fatal neuramuscular condition
resulting from an absence of dystrophin protein due to either nonsense or
frame-shift mutations in the dystrophin gene [1]. in the ahsence of genetic
screening, DMD has an incidence of 1 in 3500 live male births, with 1 in 3
cases resulting from a de nove mutation. Dystrophin-negative muscle fibres
are weaker and undergo repetitive cycles of damage and repair following
muscle contraction. Cycles of degeneration and ation are eventually
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exhausted and the muscle is gradually replaced by adi

and connective tissue until patients die from re: ory
or cardisc failwre, usuaily before the third decade of
life [2]. A milder allelie form of the ase, called
Becker muscular dystrophy (BMI, fs associated with
a range of phenotypes ranging from mild to severe
{bordertine DMD). BMD dystrophin mutations typically
give rise to shortened, in-frame transcr ipts associated with
a dystrophin protein of reduced quamsity or quatity {3].

Gene therapy sira for the wearment of PMD have
so far been met with disappointment. Gene replace-
ment has been hindered by host immune responses to
fira geremtiun viral vectors {4]; naked plasmid DNA
e by divect Intramuscular injection is inefficient {51;
myoblan transfer and stem cell therapy have respec-
tively fought to overcome poor survival of transplanted
cells [6] and very limited cell recruitment [7]; homol-
ogous gene (utrophin) upregulation may not colocalise
neuronal nitric oxide synthase (nNOS} [8] or compensacc
for the absence of the varivus isoforms of dystrophii [9];
gene repair strategies mediated by chimeric oligonu-
cleotides {10] or short fragment homologous recombi-
natfon {11} are inefficient to date but offer potental for
ex vivi correction of host myoblasts; and aminoglyco-
side therapy {12] is only applicable to a small subset of
{(nonsense) mutations that cause the disease.

Recent work by our group {18] and others [141 has
revealed the potential for an alternative strategy for treac-
ing DMD utilising antisense oligoribonucleatides (ADs)
o induce targeted removal of disease-cansing exons
from pre-mRNA transeripts during splicing. Unlike most
other antisense applications which aim 1o destroy specific
KNA targets, such as rargeting encogenes in cancer ther-
apy [15], producing viable dystrophin mRNA capabie of
being translated into a semi-functional protein is manda-
tory. For the application of AOs to DMD to be successful,
the chemistry of the AOs must be such that targeted
degradation of dystrophin mRNA is avoided, Inelusion
of a phosphorothicate (PS) backbone retains the anionic
charge dnd increases resistance to nucleases. More impar-
wantly, methylation of the 2/ oxyger generates an RNA-like
moiecule that will evade RNase H mediated degradation
of the target induced by DNA - RNA hybrids [161.

Inducing successful exan skipping requires delivering
2-O-methylated PS AOs to the nucieus of muscie cells
and their hybridisarion to sequence motifs involved i
splicing. Blocking these sequerices interferes with spliceo-
some assembly, thereby redirecting the splicing process
into excluding the undesirable exon and the flanking
inirons from the mature mRNA transcript. AC-modified
splicing with therapeutic potenrial has been reported
for the dystrophin pre-mRNA [13,14,17-19), for the 3-
globin transcripts in thalassemia [20], in survival maotor
neuron 2 [SMN2) pre-mRNA [21], as well as a crypric
splice site mutation in the gystic fibrosis transmembrane
cenductor regulator {CFTR) gene amongst others [32].
As ~15% of point murations that cause genetic disease
affect pre-mRNA splicing, it is probable thar the num-
ber of diseases/mutations capable of being treated with
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hy Wesiern blotting, We show here that an AQ as small
as 17 nucleotides can induce strong and consistent exon
skipping and subsequent dystrophin protein synthesis,
One AQ could induce dystrophin protein at a dose as low
as 5 nM. This dose is orders of magnitude lower than
reported to cause exon skipping in our laboratory [13]
and elsewhere [14,17].

Materials and methods
AQ design

We have adopted a nomenclature for naming AOs
targeted against dystrophin pre mBRNA that provides

€. J. Mann et al,

informatian about species specificity, the targer site
relative to the target exon and the exact annealing
position (and thereby the AO size). Each AO name can be
divided into two parts, a descriptive component and an
exact coordinate position, as suminarised in Figure 14,
A more derailed explanation of the nomenclature can
be found on the Internet [31]. All AOs were 2°-
O-methylphosphorothivate molecules synthesised and
HPLC-purified by Geneworks (Adelaide, Australiz), The
sequence for intron 23 (Genbank accession ARO62380)
was used to design the sequences, which are shown
schematically in Figure 1B. Several of the AOs have been
described previously [13 19] and have been renamed here
according to the nomenclature.

. 3¢ {A)ceceptor or
§* (D)oner splice site
coordinates:
ipec;}es: i ;.H.w; ‘..........; %..Ami ..w.m..m x = Firast 5' base
g i Mii23i1D§ i{dxx m—— y = final 3' base
M o= Mus'muscu%uff i L C.J  Foglork f Sl mm.....w.... .% + = exonic pesition
C = Canig familiaris \ - = intrenic position
exon number
B
Exon 23 Intron 23
+20 +10 «0L -01 -10 -20 ~30
| { [ | ] ]
5'~ ATAAACTTCGAAAATTTCAG gtasgccgaggttiggoctttaaactatat -3
UUUGAAGCUUUUAARGUC ca M23D(+18-02)
GCUUUUAAAGUC cauucgge M23D(+12-08)
GCUUUURRAGUC cauucggouccaa M23D(+12-13)

UC cauucggeuccaaacegyg

M23D(+02-18)

auucggeuccaaacegy M23D(-02-18)
auueggouccaaac M23D{-02-18)
cggeuccaaacoegy M23D(-05-18)

uccaaaccggaaauuugaua

M23D(-02-28)

C
i=59bp 181bp 146bp 213bp 1l4bp 156bp i=32bp
o=185bp . o=102bp
Figure 1. N 2} and I of anti i Jeotides and PCR (A} Proposed i for the

naming of AOs targeted nga;inst dystrophin pre-mRNA Is divided into four parts: species, exon, (D)onor or {A)cceptor splice s::e

and coordinates of the target site relative to the pre-mRNA

of the ACs

® and

against the donior splice site of intron 23 of mouse dystrophm with demﬂs of the numbering employed to assign the AQ coordinates,

Exonic bases are in upper case and are assi

11

other AOs have not been previously reported. Sense and

(+) - ic bases are in lower case and assigned negative
(~) numbers. M23D(+12-08) was previously named AO 5'85-20 {191; M23D(+12-13) was previously named AO 5'S8-23 [13]. all
1s for M23D(4-02-18) were also utilised

1 AOs di d as

and had the following sequences {5’ — 3} AGGUAAGCCGAGGUUGGCC and CCUAUCGGLUCACAACCGUG, respectively, {(C) Relative

location of PCR primers and exon sizes for prediction of ind

or 26, which are also indi The of PCR p
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exons are represented by boxes and introns by lines
{not to scale). Exon sizes in base pairs are mdicared Inner (i) and outer (o) naeted PCR prlmers amplify only a portion of exon 20
has been rep previ [13}

9
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Improved Dystrophin Exon Skipping

Cell culture and transfection

H-2K"-15458 (H-2K) normal and mdx cells were cultured COﬂiPOﬂ'
exactly as described previously [13]. Transfections were The rels
carried out as foliows. Complexes of Lipofectin (Life Interven
Technologies, Meiboume, Australia) and AQ were always We ol
prepared in a 2:1 Lipofectin/AQ ratio (wsw) in Teal pre
serum-fres Opn~MEM (Life Technologies) according o products
the manufacturer’ instructions, and, unless specified, is/acet
transfections urilised 1 pg of AQ (~300 nM), For the observe
titration experiments (Figure 33, the amount of AD and  successfl
consequentlv Lipofectin was varied according ta the dose,  vccurrin
although the ratic was always maintained at 2: 1 fw/w). amplifie
In all experiments, cells werc exposed to AO/Lipofectin  common
complexes for 3 h in serum-free Opti-MEM, after which sized pr
the media was replaced with DMEM supplemented with ~remove
5% horse serum. For the standard transfections and digestior
titrations (Figures 2 and 3. respectively), H-2K midx cells  with5 U
were transfected 48 b after plating in a total volume in a 22
of 0.5ml at o density of 2% i0% celis/well in 24 Si-diges
well plates. Cells were transfected as duplicate wells agarose
and extracted RNA was pooled. For RNA tdme-course remainec
experiments [Figure 47, 1 x 10° cells were transfected €Xons ca
24 h after plating in 35-mm dishes. The transfection identitie
volume was 2 ml and RNA was extracted from individual  terminar
dishes every secand day after transfection (not plating).

Protei
RNA extraction, RT-PCR and S1 R md
nuclease digestion of heteroduplexes protein s
plates or

RNA was extracted from H-2K mdx cells with RNAzol  (Figure 5
B (Tel-Test, Friendswood, Texas) 24 h after transfection plating ir
exactly as described previously {13], RT-PCR was also  was extra
performed as described, except the number of cycles in  second d
the primary and secondary (nested) amplification steps  cells wer
was reduced from 40 to 30 and from 30 to 25 cycles, second d

M23D(+02-18)
M23D(-05-18)
| M23D(-02-15)

 1M23D(+12-13)

M23D(+18-02)

| 8 M23D(+12.08)

I

fon of AO-Induced &
transfected with 1 pg of the respective AO 1 with Lipofectin as des

Figure 2. D

phin mRNAz skipping exon 23 by

exons 20 and 26. Full-length unskipped {901 bp) mRNA was amphﬁcd from al
Smaller products corresponding to exon 23 (688 bp) and exon 22 and 23 remo
eells transfected with M23D(+02-18), M23D(--02-18) and M23D(+12-13). No
exon skipping. The gel image represents the BCR products after S1 nuclease d

Sarepta Exhib:



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




